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The present study represents a preliminary attempt to examine the effect of varied 
tension levels of forearm muscles upon the subjective magnitude of pain, using ECG 
as an indicator of the immediate arousal to shock signal. The electrocutaneous stimuli 
were presented when the relatively sustained steady EMG output was obtained on the 
basis of the preceding EMG biofeedback training in each of four kinds of weight 
conditions. 
Results indicated that the subjective magnitude of the sensory response to 
electric shock might be modified in proportion to the degree of excitement at skeletal 
musculature. Implications of the findings for a marked reduction of estimation within 
a higher level of muscle tension, a difference in the estimations among Ss, a heart-rate 
acceleration as immediate arousal response to electric shock, and so forth were discussed. 
Pain response primarily has spatiotemporal pattern determined by kinds, 
intensity, extent and duration etc. of pain. On the other hand, organismic and 
psychic factors will greatly modify pain experience under certain circumstances, in 
addition to phYRlcal parameters of external nociceptive stimuli inducing pain sensation 
(Melzack, 1970; Melzack, 1973; Schachter, 1971; Sternbach, 1968). This fact led many 
researchers to have a doubt about "specificity theory of pain" that a specific pain 
system carries messages from pain receptors in the skin to a pain center in the 
brain. The gate-control theory that Melzack and Wall proposed in 1965 was an 
intriguing one in that allowance was made for personal factors such as prior ex-
periences, affects, and attention, as these might exert their influence by way of the 
central control system on the gate control system (Sternbach, 1968). However, 
their speculation about the spinal gate mechanism is not necessarily compatible with 
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subsequent neurophysiological findings (e.g. Kumazawa, 1974). Nevertheless, the 
theory's central theme, which views the plasticity of pain experience in terms of the 
centripetal and centrifugal influences, seems today as compelling and salient a 
conceptualization as it did in 1965 (Liebeskind & Paul, 1977). 
By this time, well-controlled experimental approach, has rarely been made to 
holistic understanding of psychological aspects of the theory. For such an approach, it 
seems to be necessary to incorporate the variables related to individual differences 
of pain experience and the measures about coping responses concomitant with 
pain sensation into experimental design. Then, the facts cannot be overlooked, 
for example, that in pain experience there exist many patterns of coping behavior 
characterized by the enhanced tension level of skeletal muscles, such as stiffening the 
body, rubbing the damaged area, and so forth. This suggests that the mechanism of 
subserving the decreased modification of pain is probably involved in pain response per 
se. 
Therefore, the present study, though preliminary, attempts to examine the effect 
of varied tension level of the forearm muscles upon the magnitude of pain sensation to 
electrocutaneous stimulation within a framework in which we consider personal 
characteristics as those p3ychophyaical requirements within the individual that 
contribute to occurrence of pain perception. 
By the way, noeiceptive signals like electric shock can be considered to exert an 
immediate arousal effect on human organism. Graham & Clifton (1966) have pointed 
out that phasic HR change would be an effective measure to distinguish between orient-
ing reaction and defense reflex. Though it is difficult to determine which of these 
response systems immediate arousal is related to, Sander3 (1977) suggests that it is to be 
related to defense rather than to orienting. Defensive cardiac response has often been 
characterized by acceleration, while orienting by deceleration (Graham & Clifton, 1966; 
Lacey, 1967). Thus we assume here that an immediate arousal effect of electric shock 
signals is to be consistently monitored by HR acceleration. 
METHOD 
Subjects: Ss for this experiment were 6 male volunteers, mainly at the College of 
Medical Sciences, Tohoku University, ranging in age from 18 to 22. None of them 
reported skin and/or heart disorders. 
Apparatus: A microcomputer (TK-80 BS) controlled both the presentation 
timing of auditory and shock stimuli, and a Sony NFR-3515 type recorder. EMG 
electrodes were attached to forearm flexor carpi radialis and flexor digitorum 
sublimis muscles. HR was measured from the electrodes across the chest. These 
signals were recorded on magnetic tape by the recorder. 
Electrical stimulation was delivered in a constant current from an isolator of a 
Nihon Kohden SEN-llOO type stimulator capable of delivering up to 50.0 ma linearly 
through a concentric shock electrode recommended by Tursky, Watson and O'Connell 
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(1965). This, made of a stainless steel in the two elements of the electrode, consists 
of an inner disc (8 mm in diameter) and a concentric annulus (30 mm in diameter) with 
a plastic casing. Placement of this electrode was on the dorsal surface between the two 
electrodes for EMG in the right arm, with the skin surface pretreated by rubbing with 
sandpaper to lower skin impedance. 
Procedure: In the pre-experimental stage, each S received three kinds of 
neuropsychological tests: the Rorschach test, the MPI, the Semmes-Weinstein test to 
check the presence of dysaphia beneath shock electrode, and the measurement of tactual 
two-point limen in skin adjacent to this electrode. Mter all electrodes were attached, 
the S wore a translucent goggle, lay on back and was instructed to inspect a series of 
tests about touch sensitivity. 
Ooncurrent records of EMG, EOG, and signal marks on the stimulus and the feed-
back tone presentation were taken while the S put his elbow joint of right hand on the 
edge of a bed, holding isometrically his forearm stretched outside the bed, regardless of 
whether or not a iron dumbbell used in this experiment was gripped. In the condi-
tion of gripping the dumbbell, one of three kinds of weights (1, 2, 3 kg) was put on 
the S' right palm. 
After the pre-experimental tests, the average integrated values of EMG amplitude 
were obtained in each of the three dumbbells to calculate the reference range of 
EMG respectively. This range, set up in window slicer, was determined by the 
lower limit to be 50 percent of the average value and by thc upper limit to be the 
value obtained from adding 90 percent of the average integrated value to the average 
one. When the integrated EMG output deviates from the range, concurrent auditory 
feedback was provided to the S through a loud speaker neighboring to him. The S was 
directed to hold the dumbbell horizontally without producing the tone. 
Before testing, Ss had the practice session of 3 trials in each condition of the 
dumbbells to control the muscle tension voluntarily within a given range, so Shad 12 
trials in all. An intertrial interval of about 30 sec was used throughout the practice 
seSSIOn. Following this, the standard intensity of electrocutaneous stimulus was 
determined: this stimulus, presented in the non-dumbbell condition, was an easily 
tolerable one that was unpleasant, but not accompanied by high fear, ranging in 
current up to 4 rna, which varied with S. A numerical value of 100 was assigned to get 
other variable shock stimuli judged in relation to the standard stimulus by the method 
of magnitude estimation. 
The next experimental session began about 2 min after the completion of determi-
nation of the standard stimulus. Then, weight (4, involving the non-dumbbell condi-
tion) of the iron dumbbell and intensity (4) of the electric shock were factorially 
combined to produce 16 individual trials. In addition, the standard was interposed 
every 5 trials among the 16 presentations of shock intensity in counterbalanced order, 
but it was not identified as such to the Ss. Each S received a presentation of shock 
intensities ranging above and below the standard when EMG output remained within a 
4 T. Hatayama, M. Ohyama, and H. Yamaguchi 
reference range for a given period: namely, the first EMG output entering into this range 
generated a digit random number from 4 to 9 within the microcomputer, and the R waves 
in ECG were counted by number equal to the random. At the same time as the 
completion of counting, the electrocutaneous stimulus of 0.75 sec duration was present-
ed, but every time the EMG output deviated from the reference range, the computer 
repeated the counting of R waves by generating the random number. The use of ECG 
aims at randomizing the period to present the shock stimulus in the different test trial 
and at assessing the shock effect objectively. 
The computer read, off-line, the time between successive R-R waves at a sampling 
time of 5 msec. Then, the heart periods were converted into HR for heart beats 
before the presentation and 5 beats after the onset of the shock stimulus. Fig. 1 
represents the systematic block diagram of this experiment. 
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Fig. 1. Systematic block diagram of experiment 
RESULTS 
Relative magnitude estimation 
In the experimental session, the subjective magnitude of electrocutaneous stimula-
tion was obtained by assigning an appropriate number to each electric shock in value 
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relative to the standard we called '100'. The estimation values of sensory intensities 
were plotted in Fig. 2, with the output of EMG as an independent variable. The EMG 
outputs, read by visual inspection, were the mean during the EMG biofeedback-
controlled period before electric shock, and varied in some degree with Ss. All results 
of estimation were, for convenience of comparison, converted into the values with the 
range of the estimations from maximum to minimum given by each S as '10.' Fig 2 
shows that in the lower EMG levels the subjective magnitudes of the sensory response 
to electric shock were approximately proportional to current intensities used in 
this experiments. However, this proportionality of magnitude estimation tends to 
disappear as EMG output increases. The Ss, S.K. and K.S. demonstrated marked 
decrements of estimation within the EMG range from 300 to 450 fl V. This suggested 
that there would be a 'threshold' inducing remarkable reductions of estimation some-
where in higher level of peripheral muscle tension. 
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Fig. 2. Magnitude estimation of standard intensity, where the standard equals 100. All esti-
mates were, for convenience of comparison, converted into the relative values below 10. 
S. S.: Standard Stimulus 
Heart Rate 
HR in bpm was expressed as a deviation from the mean HR during EMG biofeed-
back-controlled period before electrocutaneous stimulus onset. In order to assess the 
phasic effect of shock stimuli on HR change, the beat-by-beat HR difference scores, 
computed by subtracting the mean pre-shock HR from each one which occurred in the 
five beats after the shock onset, were then obtained concerning all combinations of shock 
intensities and dumbbell weights. 
Fig. 3 illustrates one of the cases where the estimates markedly decreased during 
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the larger EMG output produced by holding the 3 kg dumbbell. In 0.5 ma current 
condition, there were no specified HR changes for any dumbbell. In other intensity 
conditions, mixed patterns of HR acceleration and deceleration were seen, without any 
consistent change of direction. However, in the 3 kg dumbbell condition, the shock 
intensity, 3.0 ma was accommpanied by HR deceleration rather than acceleration 
characteristic of defense reflex. 
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Fig. 3. Short-term heart rate changes occurring during the 5 heart beats following shock 
stimulation of the right forearm. A case with remarkable decrement of estimates during 
the larger EMG output 
Fig. 4. Short-term heart rate changes in a case without any decrement of subjective judge-
ment even under the 3 kg loading condition. 
On the contrary, Fig. 4 shows a representative case where there was no decrement of 
subjective judgement even under the load condition of 3 kg weight. No reactive HR 
change was seen in the shock intensity, 1.0 mao The acceleratory change often tended 
to occur in the intensities, 2.0 and 4.0 mao There was no clear correspondence of this 
facilitatory component to the EMG outputs produced by dumbbells, because it was 
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probably regarded as the manifestation of mixed pattern of HR acceleration and 
deceleration. However, when the S was exposed to 8.0 rna shock intensity, the definite 
HR acceleration occurred in either condition of 0 and 1 kg dumbbell. The 2 kg dumb-
bell elicited the biphasic HR response with an acceleratory followed by a deceleratory 
component. Futhermore, in 3 kg condition the HR acceleration was replaced by the 
deceleration, though there was little change about the magnitude estimation. These 
results showed that HR response to the shock of identical intensity might shift In 
nature from defense to orienting according as the weights of dumbbells increased. 
Tactual two-point limen 
Fig. 5 illustrates the "pre-post" results of measurement of tactual two-point 
limens for all Ss. The fact that nobody showed an increment of two-point limen in post 
test suggests that the declining in touch sensitivity would not occur throughout the 
present experiment. 
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Fig. 5. "Pre-post" measurements of tactual two-point limens 
DISCUSSION 
The present study indicates that the subjective magnitude of the sensory response 
to electric shock may be modified, in proportion to the degree of excitement at skeletal 
musculature: though in the lower level of EMG output the magnitude estimation is 
probably determined by current intensities of electric shock, higher EMG output may 
give rise to reduction of the subjective sensory intensity. However, the presence of Ss 
who did not produce the reduction of magnitude estimation even during the period 
of larger EMG output suggests that there may exist an individual difference in the 
"threshold" where the estimation begins decreasing. We suppose from these results 
that the proprioceptive inputs at periphery beyond some level of excitement might 
suppress the nociceptive inputs. If so, this study affirms indirectly the ideas about 
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the gate mechanism, as Melzack and Dennis (1978) insisted. 
The autonomic alerting effect was inferred to decrease under a larger EMG output, 
even though there was little declining in magnitude estimation. Why decreased arous-
al sometimes does not influence the subjective judgements seems to be solved only 
after further researches. At present, we would like to point out that it is at least 
necessary here for us to refer to personality variables like affectivity, social attitude, 
neurotic tendency, etc. 
The magnitude estimations to electric shocks are likely to decrease in much lower 
level of arousal than in that examined in this study. If so, we may safely to say, as 
Haslam (1972) suggests, that there exists an inverted-U relationship between pain 
experience and arousal level. Then, pain sensation may depend upon shock intensity 
within the range of some intermediate level of arousal, while a larger arousal response 
elicits kinesthetic excitement corresponding to its response, and in turn this kinesthetic 
input interferes with electrocutaneous shock input at some level of central nervous 
system before being transmitted into the telencephalon, resulting in reduction of 
SUbjective sensory intensities. However, it should be noted that at the identical level 
of arousal, the estimations of sensory responses can vary with S3. Therefore, the 
cognitive factors like attention, thinking etc. are also considered to take part in decision 
process of subjective judgements in addition to the affective factor having direct in-
fluence upon arousal. 
Finally, this study seems to point to the possibility that if such cognitive factors 
can be excluded, the variability among Ss of subjective judgements may be expressed 
as "phase differences" of excitement dimension described in the inverted-U forms. 
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